General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 




NASA TECHNICAL 
MEMORANDUM 


\ -.msk'uyx-Jddoo 

IflPBOVEP’r.-'l J /-' tlAIK 
SLBCTEOlV.-a’.i! Ui;:.Dir.-; 6 uuaP‘*E*1T {^k J) 23 i> 
riC Aq1*'‘V: m01 ' ■ • C^CL 13H 


;i77-^3491 


Hucl^is 


03/37 290o2 


INVCSTIGATIOi'lS FO?.THE IMPROVEMENT OF b:' -.Ct bnuitii 
MAIN ;N':;NE ELECTRON BE;M WELDII'G .-(Hlil'Vtttvi' 


By R. A. Smock, R. A. Taylor, and W. A. Wall 


Materials and Processes Laboratory 
Science and Engineering 



April 1977 


NASA 










George C. Marshall Space Flight Center 
Marshall Space Flight Center, Alabama 


MSFC • F9 IB JI90 (firv Juim 1971) 



REPORT standard TI f LE PAGE 
3. RECIPIENT'S CATALOC NO. ' ] 


2. GOVaiNMENT ACCESSION NO 


N/ \ TM X-73390 


A TITLE AND SUBTITLE 

bivest' : • ^ons f'^r the Inprovc nent of ^pace Shuttle Main Tr.^'ye 
Elects •■ ■■C Lcam Welding Equipment 


5. 1EPORT DATE 

Ap ril 1977 

6. PERF:.i<A"SG ORGANIZATION COo'c 


7. AUTHOR(k| 


8. PERPORMING ORCANIZAT-.'^ REPORT A 


R. A. Smock, R. A. Ta>ioi, %r>dW. A. Wall 


Ooorge C. Marshall Space Flij^t Center 
jMarsbpli Space FU^t Center, tPhama 35812 


11. CrjR-T*:! 0« OPAVT NC 


TYPE OP REPORT 8 t-iHlfic COVtRP 


National Aeroivm1i:,‘6 and SpHce Administration 
Washington, J>,C. 2064« 


‘e^nuical Memorandum 


p7*'^refl hr Maierlolc and 1'r H\j*»aes Laboratory, Science and Engine 


kS. At-.iR*'' 

Tnia rqx>it sunun Prized the progress made in the testing, evaluation, and correction 
ol *s 7.“ Vr/ Electron Resea. ch, Incoiporated (ERI) Electron Beam Welder in support 
oi ipace Shuttle Main Engine component welding at Rocketdyne in Canoga Park, CLiifomia. 


The objective of this project was to locate and correct the deficiencies in MSFC's 
7.5 kW ERI electron beam wdder and coordinate with Rocketdyne all data that would help 
to eliminate similar problems with their ERI equipment. 


This report describes 17 areas that were deficient in the 7. 5 kW ERI welding 
system, or checkout, and the associated corrective action taken to improve its operational 
performance. 


The areas investigated durirg this project are not all incltisive but each particular 
modification or preventive measure provided a definite improvement in system performance, 
An overall improvement of 20 times the original reliability has been obtained at full rated 
capacity. 


18. DISTRIBUTION STATEMENT 


17. KEY WORDS 


19. SECURITY CLASSIF. («T «l«l« 


Unclassified 


For Mie by Nalional Ttchnicil Information Service, Springfield, Virginia 211 SI 


M3PC - Form lilt (Rev December 1(11) 


20. SECURITY CLASSIF. (of thle pane) 

21. NO. OF PAGES 

Unclassified 

24 





r 


ACKNOWLEDGMENTS 


i Coauthor; v'r-i; . > I'Ojr thrv '..i .■•.ir ?•. ’’owing persons 

forth-;!- viu.^w' testing aoj e t. n of the 

7, 7 ’.V. i lectror- K jy .sari'!. '/• '<> l t'<ectron l«-cv.-/ -a-- ?. 

t'T?**, Ma-...iv-5 '.-ii'U *' r' -KV. Center; A. C- r-'..v, > rxon Carbide 
Co)V''0'**'^^'. Inoir.rv.. iVuHinnrick, RocKeidynt-i Canoga Park, 


C.'tlKotnir>: .T»7 u H ->i, iTit-'i-ketdyne, Caw Park, California; and Dr. Roy Olson, 
r’tj!.;.td‘int to Canoga Pari.. I'ViJI '.-nia. 





ii 



mm OF CONTENTS 




’njKoiiY os* op^:iL\Tiok .uM? luvseu. 


ZQti KPi;T at; hCTKm a npRc^Uft 


i GAS CORlG-'JnVJ^ JUAyURES 


li voi;rAf.r CABLE A?vr*oi'?N' A0ST;6if’.LYrr?FssimK rnsr 


cr%i‘i i'ATHODr c^LAXGK ; , ^ 


CONTROLS, POWER SUPPLY, AND HIGH VOLT GE CABLE 

10 kV Pilot Arc Cable 

EB Gun Power Supply Transformer 

Anti-Arc-Out Circuit . 


SUMMARY 


CONCLUSIONS 






* ✓ 


0 





LI ST OF ILLUSTRATIONS 


ERIATC U .7^. . » . . >»//5 

-• *' -V- ' S- - ■ 

•* * •* ■ **' * "^ > 

Elf^ ■'^tt fc^'.ui j;’.uj* >iVinptf>T5-’ *. .•. » 

‘ y I • ', I. ' ■ ( V ' , a m i 

■' ' ■ *''■ '-r - ■ •■'. 

; ; . aecttoiv H-15 k\!u ^ ^ . 

. i.A’ ‘ ^ ' . • < 

thtodiflKt v“->mponent pv-rtar » 

- $3<2 pt^esoxe calibration tool . . • f • a • ^ r 

> •" 

ERI EB gJKi DOCtti a ee^lUK^h fixture with focus coil » r /> . • 

, '-V '■•■■:.■ VI, ,jrit . > »4i n \. 1 






I 




r 3 «i 


’ft" 


' 

•ft 

• 

. ■ ■< 


.'3 ^ ! - 


A 






■^KCHNICAL JHfiMOH\NDUM X-733t" 


INVtSTIGAIiONS FOR IMPROVEMlNf Of 
S'^ACE SHUHlE main ENGINE ELECTRON BEAM WE 1 .OINO EQUIPMENT 


INTRODUCTION’ 

m 

' 4 * 

Prlw tp iOTfi (li« rt' ViOi'.' »mriuirous opcTutionul problems with the 
F.Uct^m Krsiurcn, Incojpi/WV'd (Oil)^ ElecLrrjn WVlder (EBW) locntcd 

.Li i'v cketdyr.o In Car.t.f>{a v.?.irk, This v.Uch is rated at 30 kVv , 

Hi '3ed for ?pacp jhuttJ.t- iTain Lngino (SSME) components. The George 

C. ilarshaM S;iact: >ll"ht Centrr ,' 'dSFC) hrs a 7,5 k^/ ERI welding system 
( r'ii;, 1) . - i.houfeh ivioI C's sy ^^em is ratw V.5 kV, , :f is equipped with a 
'0* kW electron beam gxm which J>: very cimi!..r to the iiocketdyne unit, i'o 
Lvnport EPl RH welding jcketdj.ie, the Materiah and Processes 
Luboratoij at ilSi-'C liutiated a pr»oect to locate and correct deficiencies in 
the MSEC ERI equipment. This was to be accomplished in close coordination 
with Rocketdyne to eliminate similar problems with their ERI EB welder. 

In attempting to comply with this objective, it was found that the MSEC 
ERI EB welder was in extremely poor operational order. It was very hard to 
start. In fact, it often took from 3 to 4 h to raise the weld power level to 45 kV 
and 125 mA. Then, when reasonable power levels were attained, the nitrogen 
gas supply required almost constant adjustment to maintain that power output 
level. There were also very frequent automatic shutdowns of the equipment, 
due to flashovers, when attempting to operate at weld voltages greater than 
45 kV. 


THEORY OF 0 PERATI ON AND BAS I C HARDWARE 

Briefly, the ERlAjnion Carbide Corporation (UCC) electron beam gun 
features an indirectly heated tungsten electron emitter which requires no 
suppression grid for weld current control. This configuration has two distinct 

1, ERI was absorbed into the parent organization, the Union Carbide Corpora- 
tion, in 1973. Although both of these organizations will be referenced within 
this report, they are now one and the same. 



Finure 1. ERL UCC » l ' welder, t.hown i-islr 




advantages over noroval >:!B gim configurations. First, should an EB f.'jn arc 
(flashovoi’t ccur, f^RI system will not momtotarily l03>? .ontrol of I’v 
current and atf.se overpenetration of ttic rcid. Second, the heated spot the 
tungsten weld n«/reni <=.mitter is essentially round and, when refoyuiicii t u the 
work, v,*!!! rcr ^'odai e rn almost circular spot ut the frcal point, Ik'*;h ct these 
fea^vrtis tvo l ighly desirable for quality E)J welding. 

Indirect heating is accomplished by an ionization besiu, retV>rred to au 
the pilot arc (Fig. 2), n^ich normally operates at a n'troron ionual/ou prcMSUro 
of 50 to 150 microns, tht^.vgon is iecifrom an exterr/.d. jtn: re throuM a 
able 0.0127 mm (0,0005 in.) orifice in the EB gw rnd into the pilot firm cati.ty 
at a nominal rate of 0, G to 5 SCCAI. Tn the pilot gun cavity, nitn g.’n g^-ts 
interacts with ti'io yifl'-" voltage tc cutaie ions and eleotrons hv Hold emission. 
These el; rirons bo'.i 'Taul heat a STi;i»ll spot in the nentor of the ’veld cu? rent 
emitt’:i U' elec^r n*i t.U '.moonlc 'mission tempomtun . loni/atlon gas thorn 
' xits the pilot arc cavity tiiicigfh t./o adiustable v^nts anc v . cr- to t’ '• vuirk- 
jnr^nber. Las flow, tl< jrefore, is a i'<jnctior. ''f tl>e rourco pr< ddure, o.:tice 
leakapf rate, and gub vent adiustm^nt. "" us, the necessary weld current 
eiiitter heat is a function of the ioidzrMon gns pressuro and the pilot airl 
voltage. Within the ionization gas pressure range in the pilot arc ca'lty, the 
pilot arc voltage is closed-loop, feedback controlled to maintain the required 
weld current. 

Once the weld current electrons are thermally emitted from the anode 
side of the tungsten weld curi-ent emitter, they are electrostatically focused and 
accelerated by the desired weld voltage of 0 to 60 kV through the anode and 
impinge on the workpiece. The electron beam is also electromagnetically 
focused and/or deflected on its way to the work via conventional techniques. 

The EB gun, focus coils, and beam deflection coils are all normally packaged 
in a round stainless steel housing which is vented to the workchamber to main- 
tain EB level weld pressures. 

The electronic controls for the basic ERI/UCC EB gun are fast acting 
and moderately complex. In addition to the closed-loop feedback controls for 
weld current and voltage, the control package features an array of trouble- 
shooting annunciator type circuits. An antiarcout circuit, which is optional, 
prevents the equipment from shutting down and latching out unless there are 
three flashovers within 1 s or a sustained overload. 
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CORRECTIVE ACTION AF TROACH 


Tb'' flj-Bu a*3ticn tr. vir. 3 to Instr tr'vnt the crJtl 'al electrical and gua 
parameters oc the ^tsfc ERT. EB welder wj h au 8-cliannci lirusli recorcit. r io 
simultaneously rtoord ^x>ltAge, weld current, pilot ai*c voltefe, pilot arc 
relative power (called percent by ERI), ■^’ilct aio gas flow r»*U' (0 l<? f ' JCJM 
nitrogen) , ard Tocug cui rert* i-B ^dn electron Ioi>:. o£ ur ' ondary ei»vctror. 
emlsrirt;7 acray loseeu irom t’«~ we r* piec\. w “o Insir j wom. . as optional 
mea'rarrTnmti. By anal” si of »!. record s «,» ' om prior experiftoco, it 
cil '.’iwus Hiat the following sot •'ca ol '’orrc'' cnmir-w would have to 
v;o ic overcome Li; foor »pc‘i*dt 

1. Pilot arc can flo'. • pirbler' •? \idthu' thi i,:m ' vuld to be 
coir jcted insoro reliable L.b gun start ani operational coj..,ister jy. 

-1. The most fret^ ’wt sC'Uvcef. «. r’ ,gh .oltage flasbovers within the EB 
gini, cr assocUitei’ ivorJd ju jto boi .atod and e liminated. 

S. ElcctroTilc control.': would ‘ ■'vo to bo analyzed for trouble .'ixrts and 
coricicUvo act^oc Uken. 

U Crntinue with these wcr lecti vu stope until the wLiuJj'meiit runs 
i cdlAhly .-.I full ratod power of 60 . V ?md 125 mA, 

Probk r that were foiu ynd u. c- r recti vu action taken are explained In the 
ensuing suctions oi uii.* report. 


PILOi \i!C AND PILOT GAS CORRECTIVE MEASURES 

When the EB gun (i ig. 3) w;.is disassembled, the pilot arc chamber 
-h;. ri to bt> dpvercly coated wiin curbon and aluminum oxide. This indicated 
fa.\ • ! .'»vr; i<npingcn>ent the oilot arc on the electron emitter holder carbon 
wasi ei j rfrosio.'i fac .lilot arc cold cathode. Relatively thick rings of 
nonsyi'. I'* ' uli'- thlu film carbon were visible on the aluminum cold 

cathode, Li*' .‘cati '.r the pilot arc was not as sjmimetrical as it should b?. 
Also, streal's of <’ on vapor deposition on the back side of the cold cathode 
insulator at A incicated slight gas leakage around the lead washer seal at B. 
Other faults in this area of the gun were that the lead seal at C leaked, the 
compression Viton 0-ring at D would not stand the heat causing it to lose 
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Figure 3. Cross section, EB gun. 



r^Ulwce- a)id the 0,0i27 ;o! (O.OC. :• m,) diaru ter nitrogen gas meterioji 
crJIicb at K ,vas nlir/'st logged with a f •- !jn metallic aubstance. The 

orilice requifcl s> .uv.c In a iwlutlon of nitric icid to ronTvc the ’'oatilction 
but viiii.i laitT rcvir-ced ivith a nev. 1 1 'ice Jink to r tl’.n How ioquirements of 

to ^ mil'-nes/mlri, M'j^lificatlcin; :c 1' :n pi •'ner are aa follows with 
rcierenco to Figure 3: 

1. The pilot arc chamber and focusing ring F v' ?re Uioroiighly cleaned 
with sodium hyaidxide and polished, It was learned that deposits of aluniinum 
<xide on the focusing ring aperture tend to cause dcfocusing and dissymmetry 
of t^'w j Ho*, w "c, Tiiia causes partial impingement of the pilot arc on the carbon 
tun< sten erJ-’iier rciiiv ’' ihau totally upon the tungsten emitter. This 

'’onc'itj 'U rc'p’r.i I s ptK **pjilot efficiency as r^'idonced by loss ot output weld 
curreui a^ ic;.rbcn 

■ . C.vrp/'Oil UCC product) sealn W'. re used to replrco lead washers 
at r» ai. * C to pre^'ent leakage of nltrog*^:; pilot sre vJS sr.o result.'' nt erratic gun 
operation. In the past, the lead ideals in these ioeatiorii vcio coated with a light 
coatiug of vacuum greaso prior to installation. However, the Graphoil seals 
work hirst installc'’ dry, Al-o, it has been found that vacuum grease, a^cn 
hc :!U; 1, offgjuses and c Tan.i i.iwOs the pilot plasma arc causing erratic gun 
Operation. It also drys, 'iLakei-, and clogs tl.e 0.0127 mm (0.0005 in.) orifice. 

3. All critical dimensions in and about ' te cold cathode were measured 
to make certain that there was no adverse buildup of tolerances to cause gas 
leakage or excessive compression of the cold cathode ceramic insulator. 

4. An Inconel V-washer ( Figure 4a) was used to replace the Viton 
O-ring at D to maintain sealing pressure at C. Actually, the maintenance of 
sealing compression at C is one function of the O-ring, or V-ring, at D. The 
other function is to cushion the cold cathode ceramic insulator. 

5. Pilot arc gas metering orifices with apertures sized to allow 40 to GO 
bubbles/min, using the ERI standard bubble test procedure, were found to work 
best in the 30 k\V rated EB g\m. 

6. For consistent control and finer adjustment of tlic pilot arc gas vents 
at J, the following modifications were made; 

a. Gas vent ports at 11 were enlarged to 2. 18 mm (0.086 in.) 

diameter. 
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Tit;iniuni-;ilnnunum cold cathode 
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b. cone point was machined on the two vent screws ( Fig. 4b) , 
and flat seats were madiined into the cathode housing at J for finer adjustment 
of the gas vents. 

o 

c. Enlaif;ed vent grooves were machined in the retainer ring K 

(Fig. 4c). 

7. A special tool was designed per Figure 5 and built to screw into the 
cathode housing with the hot emitter holder assembly, L, removed. This tool, 
which is equipped with a thermocouple type vacuum sensor gage, allows tech- 
nicians to preset the gun at room temperature for a predetermined, nonopera- 
tional pilot arc cavity gas pressure. For example, the MSFC 30 kW EB gun has 
been found to require no further gas adjustment when preset to 240 ± 10 microns 
pressure under the following conditions: 

a. 1 to 3 psig nitrogen pressure upstream of the 0.0127 mm (0.0005 
in.) gas metering orifice. 

b- lx 10~* to 1 X 10”® torr external pressure on the gun. 

D 

c. 0. 75 to 1 SCCM of nitrogen gas flow through the pilot arc cavity 
in the EB g\m. 

d. Pilot gas orifice tested for bubble count of 40 to 60 bubbles/min 
at 23 psig nitrogen pressure. 

' « 

e. EB gun at room temperature. 

This preset calibration technique has proved very successful because it saves 
considerable time and assures repeatable results. Once the pressure is set, 
no further adjustment is necessary. From recent operating experience, gas 
pressure adjustments found necessary at a later date indicate that something 
internal to the EB gun is wrong and other corrective action is necessary. 


HIGH VOLTAGE CABLE AND GUN ASSEMBLY PRESSURE TEST 

In addition to the pilot arc gas pressure preset adjustment test 
previously described, a second relatively easy pressure test is recommended 
to verify the integrity of the EB gun seals and the high voltage cable assembly 
on the bench. The purpose of this test is to verify that the gas seals of the pilot 
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arc cable at areas M and N (Fig. 3) are free of leaks. Should leaks be present 
in these locations, excessive gas could enter the gun housing, creating corona 
g and potential flashovers. Evidence of arcing near the base of the high voltage 
^ cable, discussed later, is the reason this test is recommende 1 each time the 
gun is disconnected for preventive maintenance purposes. In brief, the pressure 
test can be performed as follows: b 


1. Connect the woikchamber feedthrou^ end of the EB gun cable to a 
large hose and clamp in place. Take special note that gas must enter the cable 
throu^ a small opening in the metal rim of the tapered cable connector; there- 
fore, the test hose must slip onto the tapered portion of the cable connector. 


2. Connect the large hose to an air or nitrogen gas supply adjustable 
from 0 to 23 psig. 


3. With the EB gun supported vertically, fill the gun's corona cup, which 
extends approximately 7. 6 cm ( 3 in. ) up the high voltage insulator, with pure 
grain alcohol. 

4. Apply pressure to the cable up to 23 psig maximum and check th e . 

alcohol for no bubbles. , ^ -‘OMM 


5. Remove pressure and alcohol. 

6. With the pilot cap assembly removed for access to area M (Fig. 3) , 
invert the corona cup so the pilot voltage cable termination is pointed upward. 
Fill the small cavity around the electrode with pure grain alcohol and repeat 
step 4. 

7. Remove pressure and alcohol and dry the gun with lint free material. 


COLD CATHODE CHANGE 

Once all of these changes were incorporated into the gim, start-up prob- 
lems were resolved. However, it was still apparent that the cold cathode con- 
figuration needed improvement. This was evidenced by ( 1) operational values 
of pilot arc relative po\.3r (percent) greater than factory recommended, (2) 
excessive carbon and alumintun oxide \’apor deposit accumulation in the pilot 
arc cavity, and (3) suspected arcing from the cold cathode to the gim internal 
wall. At the suggestion of UCC, a Lanthanum Hexaboride, LaBg, cold cathode 
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was procured and tried. Before the cold cathode could be tested, UCC discovered 
a flaw in the design and reconunended changing to aluminum-titanium as shown in 
Figure 4d. UCC provided a cold cathode of aluminum-titanium for test purposes. 
It was theorized that titanium, being a poorer electron emitter than aluminum at 
gun operating temperatures, would help prevent arcing between the cold cathode 
and gun wall. The aluminum disk exposed in the center of the titaniiun-aluminum 
cathode is the actual cold cathode emitter material. Pilot arc power for the 
given beam current range was reduced to UCC recommended levels, and the 
pilot arc relative power for different electron beam power levds repeated con- 
sistently. All indications are that focusing and distribution of the pilot arc are 
now stable and operate as the gun devdoper intended. The titanium-aluminum 
cathode, as received from UCC, proved satisfoctory and, therefore, the pro- 
posed testing of die LaBg cathode was omitted. 


60 kV ARC-OUT INVESTIGATION 


After stabilization of the gun, the next goal was to locate and eliminate, 
or at least minimize, sources of flashover (arcing) at the machine's rated 
voltage of 60 kV. During operation, frequent arcs would occur causing the EBW 
to shut down. These arcs were very prevalent during the standard 60 kV cleanup 
procedure. Since the gun housing completely enclosed the gun, visual observa- 
tions during operation were impossible. To maintain alignment of the cathode 
and anode, a sturdy "see-through" fixture (Fig. 6) with anode-to-emitter align- 
ment provisions was designed, fabricated, and installed. Provisions were also 
made to install the focus coils on the new fixture. The screen wire was necessary 
to maintain a uniform electrical field distribution around the gun. A uniform 
electrical field prevents corona buildup and an eventual arc. Also, the large 
round shield at the bottom of the fixture was provided to prevent metal vapors 
from depositing on the gun's high voltage insulator. Use of this fixture enabled 
us to determine if most arcs causing machine shutoff were external or internal 
to the EB gim. Since most flashovers at operating voltages in the 55 to 60 kV 
range were visually determined to be from the cathode to the copper anode, it 
was decided to try an anode made from low electron emitting material such as 
titanium. A drawing of the anode was obtained from UCC, and four titanium 
anodes were fabricated. It was theorized that titanium, being a nitrogen getter 
and a poor electron emitter, would absorb nitrogen which is known to leak around 
the hot tungsten emitter and help prevent small pockets of ionized gas from 
forming on the anode. As expected, the newly machined titanium anode arced 
profusely to the cathode during the normal 60 kV cleanup procedure. However, 
once purged of foreign materials and lightly trapped surface gases, operation 
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Figure 6. ERl EB gun open, see-through fixture with focus coil. 




was excellent and probably s\q)erior to copper from the viewpoint of arc siq)preB- 
sion. No anode oveiheating was observed, or evident, and pitting due to arcs * 
was minimal — much less than previously observed with copper anodes. The 
question of titanium versus copper anodes, though, has not yet been thoroughly 9 
tested or evaluated. 

While the special fixture was being used, the interior surfaces of the gun 
housing were honed and lapped to a mirror finish to improve the gun-to-housing 
dielectric characteristics. In addition, a new, highly polished corona shield 
was added to the gun. The relatively shaip edges on the new shield, as received 
from UCC, were rounded and polished to a mirror finish and then satisfactoxily 
tested in the open fixture. To verify if the EB gun would now operate as *'arc- 
free*' in the polished standard housing as it did in the open, "see-through" 
fixture, the gun was reassembled in the newly polished housing and tested. 

With the gun moimted vertically, ten 2 min runs and twelve shorter duration 
runs were made within a time span of less than 90 min. A total of 23 min of 
operation was thus achieved with the gun operating at the power supply full rated 
power of 60 kV and 125 mA. One arc-out occurred during this 23 min of testing, 
causing the equipment to shut down normally. This test was repeated a second 
time with substantially the same results. Thus, operating time between arc- 
outs at 60 kV tested approximatdy 20 times better than when the investigation 
first started. Previously the welder would rarely operate for more than 1 min 
at 55 to 60 kV without an arc-out. Further testing is planned, but these results 
indicate fiiat the gun operated in the polished standard 30 kW rated housing 
essentially equal to its operation in the open fixture with the gun mounted 
vertically. Orientation is mentioned because horizontal operation of the ERI 
EB gun is xx)t normally quite as free from arcs as when the gun is mounted 
vertically. 


CONTROLS, POWER SUPPLY, AND HIGH VOLTAGE CABLE 
10 kV Pilot Arc Cable 

During the investigations, several shorts occurred in the center pilot arc 
voltage conductor of the EB gun workchamber cable assembly. These shorts 
were always in the vicinity of M, Figure 3, and were characterized by a signifi- 
cant reduction of beam power and pilot arc voltage. It is postulated that cable 
failure was due to the inability of the silicone rubber insulated cable to withstand 
operational temperature levels reached in that area of the gun. Analysis indicates 
that the silicone rubber cable should be replaced with a special, corona resistant. 
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TFE Teflon insulated cable, or Its equal. Such cable is manufactured by W. L. 
Gore associates, Inc. , of Ne^xk, Delaware. Royal Industries of Santa Ana, 
California, e7q>erienced several instances of the same problem and, being 
pressed for time, used aircraft ignition cable to replace the faulty silicone 
rubber insulated cable \diich was supplied by ERI. 


EB Gun Power Supply Transformer 

While changing transformer oil in the high voltage transformer tank for 
preventive maintenance purposes, a loose connection was found on the output 
terminal of one phase of the high voltage three-phase transformer. Fortunately, 
it was accessible and was repaired. Some evidence of overheating of the terminal 
was observed, but there was no visual indioatioi.' of arcing. 


Anti-Arc-Ou t Circuit 

The M8FC ERI EB welder is equipped with an antiarcout circuit PC 
board which, according to UCC, should initiate sequence stop if three pulses of 
overcurrent (due to flashover) occur in less than 1 s. Otherwise, the circuit 
should Initiate a momentary, millisecond interruption of the high voltage to allow 
time for the arc to dissipate. Without the antiarcout circuit, any minor flashover 
could conceivably caiise the welder to turn off, and stay off, imtil purposely 
restarted. 

During calibration and analysis of the electronic circuits, it was found 
that the design of the antiarcout circuit could not possibly work as intended. As 
a result, it was modified to the manufacturer's operational specifications, and 
a circuit tester was built to check the circuit operation on the bench and vhile 
installed in the welder. With reference to ERI/UCC Drawing No. 2022772, the 
following changes were made to the circuit board: 

1. Resistor R8 was changed from 3. 3 K to 6. 8 K ohms to allow a 20 ms 
temporary Internption of the weld voltage each time an arc occurred. 

2. During testing of the PC board, it was foimd that R14 was restricting 
the current drive of Q5. FAIso, the RC time constant of R14 and C6 did not allow 
for any adjustment of potentiometer P2. By changing R14 to 27 K-ohms, P2 oould 
control the number of 20 ms pulses necessary to produce an arc-out signal from 
the arc-out circuit. 

3. Potentiometer PI was replaced with a 330 K ohm'.'iixed resistor. Tliis 
resistor determines the discharge rate ( RC time constant) of capacitor C6. 
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After these changes were made, P2 could be adjusted to produce an output tum- 
off pulse anytime more than three arc-outs occurred widiin a 1 s Int erval. 

P’ SUMMARY 

It is summarized that the MSFC ERI/UCC EBW is now in signiftcantly 
better operating condition than when the project was initiated. Most of the steps 
taken to improve the perfoimance have been coordinated with the manufacturer, 
Union Carbide, and Facility Engineers at Rocketdyne. Some of these measures 
have been adapted by Rocketdyne while others, peihaps, will be incorporated as 
the equipment becomes available for test purposes. The positive steps taken at 
MSFC, to date, to attain the Improved performance are as follows: 

r 

1. Provided critical parameter instrumentation for operational verifica- 
tion purposes. 

2. Insured that the best available factory-recommended seal materials 
were installed in the gun to help avoid temperature related gas leaks. Lead 
seals were discarded. 

3. Omitted the use of vacinim grease on seals inside the EB gun. 

Vacuum grease drys and offgasses causing the release of foreign materials 
which clog the gas orifice and interfere with the pilot arc. 

4. Pressure test the gun and the hi^-voltage cable assembly prior to 
use to verify the integrity of line pressure seals in the cable assembly. 

5. Provided a fine, reliable, cone point adjustment of the cathode gas 

vents. 



6. Devised means, by use of a micron range vacuum gage, to properly 
adJULi the vent screws and, hence, preset the critical pilot arc operating 
pressure when installing, or checking, a gxm in the workchamber. 

7. Changed from an all-alumin\im to a titanium/aluminum configuration 

cold cathode to improve and retain pilot arc performance. 

u 

8. Polished to a mirror finish all highly electrically stressed surfaces 
to reduce the probability of electron accumulation and dielectric breakdown. 


16 


9. Rounded to a maximum radius all sharp edges on highly electrically 
stressed sur&ices on the external sur&ce of the EB gun and the internal surface 
of the gun housing. 

10. Changed the anode material from copper to titanium. 

11. Corrected the antiarcout circuit configuration. 

12. Electrically calibrated the electronic controls to the manufacturer's 
latest specification. 


13. Designed and used a special see-through fixture, for R6D purposes, 
to test the gun, anode, and focus coll without the presence of the standard gun 
housing. This was done to check for arcing sources. 

14. Determined the need to change the type insulating material of the 
pilot arc conductor in the EB gun and cable assembly from silicone rubber to a 
higher temperature rated material. 

15. Initiated scheduled preventive maintenance of the high voltage supply 
and EB gun to insure cleanliness and integrity of the gas seals and dectrical 
circuits by inspection and test. Cleanliness of the EB gun pilot arc cavity is 
imperative and required scheduled cleaning and polishing. 

16. Reduced ionization gas flow rate to as small as practical to minimize 
the possibility of a pressure buildup inside the EB gun housing. The higher the 
pressure in the housing, the more likely there is of a dielectric breakdown. 

17. Prior to installation, Hy-Pot tested the gun and high voltage cable 
to their peak operating dc voltage. 

An analysis was made of the electronic circuits; however, there was 
nothing of significance found ahich would contribute to excessive arcing or 
inadvertent shutdown except the antiarcout circuit which had to be corrected. 

In fact, the electronic circuits operated without failure during all of the testing, 
but some random terminals were found deficient and were corrected. 


CONCLUSIONS 


It is concluded that the efforts, to date, have been successful in that much 
of the black art associated with setting up and operating an ERI EBW has been 
reduced to a more scientific level. It is recommended that all of the items listed 
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In the Summaxy be given serious consideration by any user of EBI/UCC EB 
welding equipment. Depending on the vintage of the equipment (the MSEC is 
a 1972 design) , some of the deficiencies may have been corrected by the manu- 
&cturer. However* it is believed that only a few have. Use of the vacuum gage 
fixture to preset the gas flow and vent screws is enthusiastically recommended. 
The titanium -aluminum cold cathode* which was supplied by UCC for test and 
evaluation* was found to be a significant improvement. Other measures* which 
are basic to the EB gun reiia^iility* are to insure that all highly electrically 
stressed suilaces are well polished and that electrically stressed comers are 
machined to the maximum radius. Cleanliness of internal working parts, such 
as the pilot arc cavity* should be assured. Testing for gas leaks is strongly 
recommended because", in the long run, such steps frequently save money and 
manhours. Due to insufficient test data and experience, it is not possible to 
recommend titanium over copper as the better anode material. However, the 
g\m operating at 60 kV did arc less frequently to the titanium anode than it 
did to the copper anode. 
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